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Intra-urban sociodemographic risk factors for COVID-19 have yet to be fully understood. We 
investigated the relationship between COVID-19 incidence and socio-demographic factors in 
Barcelona at a fine-grained geography. 
Methods 
This cross-sectional ecological study is based on 10,550 confirmed cases of COVID-19 registered 
during the first wave in the municipality of Barcelona (population 1.64 million). We considered 
16 variables on the demographic structure, urban density, household conditions, socioeconomic 
status, mobility, and health characteristics for 76 geographical units of analysis (neighborhoods), 
using a Lasso analysis to identify the most relevant variables. We then fitted a multivariate Quasi-
Poisson model that explained the COVID-19 incidence by neighborhood in relation to these 
variables. 
Results  
Neighborhoods with: (i) greater population density, (ii) an aged population structure, (iii) a high 
presence of nursing homes, (iv) high proportions of individuals that left their residential area 
during lockdown and/or (v) working in health-related occupations were more likely to register a 
higher number of cases of COVID-19. Conversely, COVID-19 incidence was negatively 
associated with (vi) percentage of residents with post-secondary education and (vii) population 
born in countries with a high Human Development Index. 
Conclusion 
Like other historical pandemics, the incidence of COVID-19 is associated with neighborhood 
socio-demographic factors with a greater burden faced by already deprived areas. Because urban 
social and health injustices already existed in those geographical units with higher COVID-19 
incidence in Barcelona, the current pandemic is likely to reinforce both health and social 
inequalities, and urban environmental injustice all together. 
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1. INTRODUCTION 
Global flows of people, resources, and capital involved in the production and maintenance of 
urban life facilitates the spread of infectious disease and the emergence of pandemics.1 After 
appearing in China in late 2019, the first cases of COVID-19 were confirmed in Spain and 
elsewhere in Europe, by late January 2020. Previous research on virus transmission has shown 
that socioeconomic and cultural factors at the individual, household and neighborhood levels, are 
essential mechanisms for community spread of the virus.2 3  
Individual-level risk factors such as gender, age or race/ethnicity are known to influence 
infectious diseases incidence,4 5 including COVID-19.6 7 Although infection rates are similar 
between genders, men are more likely to have comorbid conditions (such as hypertension, 
diabetes, obesity and cardiovascular diseases) that are also risk factors associated with worse 
COVID-19 outcomes.8 9 Women, however, are often more exposed because of their more frequent 
dedication to care professions.10 Older people are also known to be more susceptible to COVID-
19 and show higher fatality rates.11 In contrast, the role that children play in disease transmission 
is still unclear as they are rarely the index case12 and are less likely to transmit COVID-19 to 
adults.13 On the other hand, school closures are likely to have led to increased childcare by 
seniors,14 potentially increasing risk of transmission.  
Individual socioeconomic factors such as level of education, income, employment status and type 
of occupation are also thought to impact risk of COVID-19. Although initial COVID-19 outbreaks 
emerged from international (business) travel and winter holidays,15 subsequent trends reveal that 
those working in specific occupations, especially front-line, ”essential” jobs in health, care, retail 
and hospitality, are more at risk for infection.16 17 Individuals living in poverty and other 
marginalized populations are more susceptible to infectious diseases.5 For instance, in the US 
context, racialized minorities (especially African Americans) are vulnerable social groups that 
exhibit higher than average rates of infectious diseases. This has been attributed to systematic and 
interpersonal racism, and poorer access to health care facilities and other health-promoting 
resources.18  
Public health researchers have also long acknowledged the importance of neighborhood-level 
socio-demographic and physical characteristics—including racial and economic residential 
segregation, and the spatial distribution of affordable and fresh food, or public transport—for 
understanding health outcomes.19 20 Structural contexts and neighborhood environments can 
therefore create uneven poor living conditions and lasting environmental injustices for lower-
income or immigrant residents living in certain areas of a city,21 resulting in health inequity by 
neighborhood. In fact, during the 1918 influenza pandemic, researchers already found a 
significant association between disease transmissibility and neighborhood-level social 
characteristics such as population density, illiteracy, and unemployment.4 
Emerging research on COVID-19 shows similar patterns and pathways.22 For example, people 
living in denser neighborhoods, with poor and overcrowded housing conditions have an elevated 
risk of infection as social contact in these living scenarios is more likely.11 23 Urban connectivity, 
mobility and the mode of transport also play an important role in the spread of COVID-19.24 At 
the neighborhood level, greater use of private motor vehicles and less public transport mobility 
means less exposure to infection.25 Likewise, infection rates may be lower where part of the (more 
mobile, international and national) population was able to leave before movement restrictions or 
where a higher proportion of people was able to work from home during lockdown. Conversely, 
rates may be higher where more essential workers live (occupations that are over-represented by 
women and immigrants from low-income countries) as they are more likely to commute. Overall, 
higher mortality rates from COVID-19 are associated with poorer neighborhood conditions, 
including a scarcity of health care facilities.26 The number of nursing and retirement homes has also 
been associated with a greater number of infections in the neighborhood.27  
To date, COVID-19 research on spatial variations has been mainly set at the national or sub-
national levels. At this level of analysis, it is very difficult to disentangle the different intervening 
factors behind risks and exposures to COVID-19 as this approach fails to reveal the diverse 
patterns within these larger geographies. There is therefore a need to focus on geographically 
smaller units to allow to better account for confounding factors28 and enhance the predictive 
accuracy and interpretability of the resulting statistical model. As of late 2020, neighborhood-
level studies of socio-spatial inequality in COVID-19 infection and mortality have primarily 
focused on the United States and United Kingdom.29 30 Very little is known about such patterns 
in mainland Europe,31 especially so in much denser and mixed-use urban environments. To 
address these shortfalls, we investigated the relationship between COVID-19 incidence and a 
comprehensive diversity of intra-urban socio-demographic factors in Barcelona, Spain. 
2. METHODS 
2.1. Study design and study population 
This cross-sectional ecological study used data from the COVID-19 Register of the Barcelona 
Public Health Agency. During the first wave, Spain registered one of the highest per capita 
number of cases in Europe, making analysis at the local scale more reliable. Barcelona became 
one of the initial hotspots in the country, possibly due to its international position in tourism, 
business, education and research. 32 
Our study included 10,550 laboratory-confirmed cases of COVID-19 in Barcelona between 
March 9 and May 3, 2020. We selected these dates to focus on the first outbreak of the pandemic. 
During this period, tests were essentially performed for those hospitalized or from specific at-risk 
groups, especially health-care workers, as well as residents and workers in long-term care 
facilities (LTCF). However, confirmed cases registered in LTCF were excluded, as test campaigns 
were unevenly implemented across time and space and addresses of residents correspond to those 
of the LTCF which do not necessarily reflect the socioeconomic position of the residents 
themselves. 
Our geographic unit of observation is the neighborhood. We aggregated addresses of positive 
tested individuals by neighborhood of residence. Although the municipality of Barcelona (1.64 
million inhabitants) is officially divided into 73 barris (Catalan for neighborhood), for statistical 
purposes we have followed the adaptation developed by the Spanish National Statistical Office 
in several studies.33 This alternative division is based on the official administrative division, but 
creates more statistically robust units in terms of population size, merging the least populated with 
neighboring units and splitting the most populated ones, always according to urban and socio-
demographic criteria. Our final division consists of 76 units (henceforth referred to as 
neighborhoods). They contain an average of 21,500 inhabitants and 1.3 km2 area. These units are 
very diverse in terms of wealth, housing characteristics, demographic ageing and health, factors 
known to be associated with the spread of infectious diseases. 
 
2.2. Intra-urban socio-demographic covariates 
A total of 16 neighborhood-level indicators on demographic structure, socioeconomic status, 
urban and household density, mobility and health characteristics were initially chosen based on 
earlier established associations with COVID-19 (see Table 1 for sources, expected association 
with COVID-19 and summary statistics). Specifically, we included information on the proportion 
of (i) young people (ages 0-15) and (ii) elderly (70 years and older), and (iii) the percentage of 
the population aged 70+ who was male. Socioeconomic indicators included were (iv) mean 
income per person, (v) age-standardized ratio of population with at least post-secondary 
education, (vi) percentage of the population born in foreign countries with a high Human 
Development Index (HDI) and (vii) low HDI. We also included (viii) population density, (ix) 
average number of persons per dwelling and (x) people living alone. We obtained mobility data 
on: (xi) the availability of private transportation), and (xii) mobility during lockdown. We also 
captured the presence of (xiii) transient populations (measured as the rate of inhabitants 
automatically deregistered by the municipality, which occurs when foreign residents fail to renew 
their registration), as cumulative infection may be lower in areas with hypermobile groups (e.g. 
international students) that were likely to leave the city due to the pandemic. We also incorporated 
(xiv) the number of LTCF beds per 1,000 inhabitants and (xv) the percentage of economically 
active population in the health sector. Lastly, we included (xvi) the life expectancy at birth as a 
proxy for general health status. 
Table 1. Covariates used in the study: Hypothesized association with COVID-19, definitions, sources and summary statistics before transformation (when required#) 
Covariate Abbreviation Assoc. with Operationalisation and measurement Period Mean Min. Max S.D. 
DEMOGRAPHIC STRUCTURE         
1. Percentage 0-15 P0-15 + a % of the population aged 0-15 (ln) 2019 16.2 8.3 22.8 3.1 
2. Percentage 70+ P70+ + b % of the population aged 70+  2019 12.7 7.6 18.8 2.1 
3. Old-age sex ratio OLDSEXR men+ c % of the 70+ population who is male 2019 38.8 33.5 45.7 2.3 
SOCIOECONOMIC STATUS         
4. Income INCOME – d Mean Income (€) per person (ln) 2016 15,199 7,790 29,144 4,633 
5. Post-secondary education UNI +/– d Age-standardized ratio of post-secondary educated population* 2019 1.0 0.2 1.8 0.4 
6. HDI high migrants MIGRHI +/– d % of the population born in foreign countries with a high HDI (ln) 2018 6.7 1.3 22.8 4.5 
7. HDI low migrants MIGRLOW –/+ d % of the population born in foreign countries with a low HDI (ln) 2018 17.5 6.5 46.7 7.9 
DENSITY (URBAN AND HOUSEHOLD)        
8. Population density (urban) URBDENSITY + e Inhabitants (in hundreds) per hectare, excl. forest parks 2019 2.9 0.2 5.9 1.4 
9. Persons per dwelling HHSIZE1 + e Average number of persons per dwelling 2019 2.5 2.1 3.0 0.2 
10. One person households 1PHH – e Age standardized relative ratio of persons living in one person households 2019 1.3 0.9 2.1 0.2 
MOBILITY         
11. Vehicles per inhabitant VEHICLES  –f Number of registered vehicles per 100 persons aged 20+ 2019 47.6 18.9 89.1 12.5 
12. Mobility during lockdown MOBILE +g Percentage of people who left the area of residence during lockdown. Daily average, March 9-May 3 2020 (ln) 2020 10.7 5.5 19.6 2.8 
13. Population deregistration PADRON –h Automatic deregistrations from the municipal population register (expiration of the register)/1000 (ln) 2017-18 27.3 7.6 81.9 14.1 
HEALTH         
14. Nursing homes (LTCF) NURSHOME + i Number of nursing and retirement homes (measured in beds) per 1000 people (square root) 2020 9.0 0.0 81.5 12.3 
15. Health workers EMPLHEALTH + j Percentage of economically active population in health sector 2011 6.9 2.0 11.5 1.9 
16. Life expectancy LE0 – k Life expectancy at birth 2006-17 84.0 80.3 86.3 1.3 
Notes: Expected or observed association between covariate and mortality at the neighborhood level (main unit of analysis): a) The role that children play in disease transmission is still unclear as studies have 
shown that they are rarely the index case.12 On the other hand, school closures are likely to have led to increased childcare by elders (who are a high-risk group)14; b) 11; c) Although infection rates are similar, the 
severity of disease (hence COVID-19 reporting) and death is two times greater for men than for women;41 d) As an average for the studied period, a negative association with SES indicators is expected: higher 
income/educated/high HDI neighborhoods lead to lower infection rates, although the association may be positive early on the epidemic;15 e) Denser neighborhoods and overcrowding is associated with more social 
contact; 11 15 23  f) More vehicles, less mobility in public transport, less exposure to infection;24 g) More mobility in the geographical unit of analysis, implies greater exposure to infection; h) Infection rates may 
be lower in neighborhoods where part of the population has left; i) More nursing and retirement homes, more infections in the neighborhood;27 j) More health personnel, the greater the infection rate. This is for 
two reasons: they are more exposed to the virus and have systematically been tested. Note that there are 25 geographical units with repeated values due to census aggregation. k) LE0 As a proxy for health status 
(the severity of COVID-19 is positively associated with coexisting illnesses).42 
# The type of transformation that was applied to make the variable values more normally distributed is mentioned in brackets. ln refers to natural logarithm. See also sub-section 2.4.1. 
*Here we first applied the age-specific percentage of post-secondary educated persons in the municipality to the residents of every neighborhood by age group. We got, then, an estimated number of post-secondary 
educated population for every unit of analysis, which we compared with the observed one. If the observed was greater than expected, the indicator is greater than 1, if lower, less than 1.  
Data sources: 1, 2, 3, 5, 6, 7, 9, 10, 12, 13) Population Register (National Statistics and Barcelona City Council); 4) Atlas de distribución de renta de los hogares (National Statistics); 8) Urban indicators (Barcelona 
City Council); 11) Economic indicators (Barcelona City Council); 12) Estudio de movilidad durante el estado de alarma por COVID-19 (National Statistics); 14) Location list and characteristics of nursing homes 
(Consorci de Serveis Socials de Barcelona); 15) 2011 Population Census (National Statistics); 16) Health indicators (Agència de Salut Pública de Barcelona). 
 
2.3. Statistical analyses 
2.3.1. Data transformation 
The distribution of each neighborhood-level socio-demographic indicator and covariate was first 
assessed for normality using visual inspection of QQ plots and the Smirnov-Kolmogorov test for 
normality. Accordingly, we log-transformed: (i) young population, (ii) income, (iii) foreigners 
from high HDI countries, (iv) foreigners from low HDI countries, (v) mobility during lockdown, 
and (vi) transient populations. We also used a square root transformation for the nursing homes 
variable. 
2.3.2. Multiple variables model 
To fit the total number of cases observed in each unit of analysis, we relied on a generalized linear 
model (Quasi-Poisson regression) that takes into account the total population as an offset as well 
as the socio-demographic variables. Given the relatively large number of covariates included in 
the study and the potential multicollinearity among them, we ran a Lasso analysis to automatically 
identify the most relevant variables.34 In the context of generalized linear regression modeling 
and prediction, Lasso performs both variable selection and regularization to enhance prediction 
accuracy and interpretability of the statistical model. The hyperparameter of the Lasso-regularized 
maximum likelihood estimator was set using cross validation and, once Lasso identified the most 
informative variables, we fitted the final Quasi-Poisson model that explained the COVID-19 
incidence for each unit of analysis considered. Finally, variable elasticities were calculated. This 
enables estimating the increase of cumulative incidence (and predict the total number of positive 
cases) for a 1% change in a particular covariate and thereby compare the effect of the different 
covariates. 
3. RESULTS 
The intra-urban geography of the COVID-19 cumulative incidence in Barcelona during the period 
of study reveals a strong proximity among the units with the highest and lowest values (Figure 
1). Northern neighborhoods (mainly located within the districts of Nou Barris and Horta-
Guinardó) have the highest incidence values, with some of them exceeding 1,000 cases per 
100,000 inhabitants during the eight weeks of observation. On the other hand, the incidence in 
the geographical units located in the southeast of the city (i.e. historic center) is less than a third 
of that in the worst-affected neighborhoods.  
From the initial 16 variables considered, the Lasso method selected as meaningful to explain the 
observed COVID-19 levels the following seven (see also supplemental material): (i) elderly, (ii) 
high education, (iii) foreigners from high-HDI countries, (iv) population density (urban), (v) 
 
mobility during lockdown, (vi) LTCF, and (vii) health workers. These variables are mapped in 
Figure 2. 
Results of our Quasi-Poisson model confirm that the associations between the final selection of 
variables and the intra-urban COVID-19 incidence in Barcelona are all in the expected direction 
(Table 2). Neighborhoods that are densely populated, with a higher number of older adults, with 
more numerous LTCF and with higher proportions of individuals that left their area of residence 
during lockdown were statistically more likely to have a higher number of cases of COVID-19 
during the first outbreak of the pandemic. The work in health-related occupations variable was 
significant at the 0.063 level. Conversely, the association with COVID-19 cases is negative with 
the other two socioeconomic factors: post-secondary educated residents and population born in 
high-HDI countries, with the second one being less relevant (note that while the cross-validation 
analysis of the lasso-regularized 16-variable regression deems the high-HDI variable meaningful, 
the p-value associated with the 7-variable regression casts doubts about its statistical 
significance). Considering the effect of the factors on the number of COVID-19 infections in a 
neighborhood of Barcelona with average characteristics, a 1% increase in older people or mobility 
during lockdown would lead to almost 30 extra cases, while a neighborhood with a 1% higher 
ratio of post-secondary educated inhabitants leads to 26 fewer cases during the observed period 
according to our model. We finally ran a Global Moran's I test to assess the potential spatial 
autocorrelation of the model’s residuals, but results were not significant (see supplemental 
material). 
Table 2. Results of the generalized linear (Quasi-Poisson regression) analysis of social and 
demographic factors on COVID-19 infection rates in Barcelona from March 9th to May 3rd 2020 
Estimated Coefficients: 
 Estimate Standard Error t-statistic p-value 
Elasticity# 
Change in cumulative 
incidence Equivalence in cases 
% 95% CI Number 95% CI 
(Intercept) -5.9826 0.3791 -15.7830 0.0000     
Percentage 70+ 0.0228 0.0088 2.6000 0.0114 +0.29% [0.07%, 0.51%] 28.0 [7.0, 49.0] 
Post-secondary education  -0.2694 0.1011 -2.6660 0.0096 -0.27% [-0.47%, -0.07%] -26.0 [-45.0, -6.8] 
HDI high migrants -0.0901 0.0693 -1.3000 0.1979 -0.09% [-0.22%, 0.05%] -8.6 [-22.0, 4.4] 
Population density (urban) 0.0295 0.0140 2.0990 0.0396 +0.09% [0.01%, 0.16%] 8.2 [1.0, 15.9] 
Mobility during lockdown 0.2751 0.1182 2.3280 0.0229 +0.27% [0.04%, 0.50%] 26.4 [4.0, 48.7] 
Nursing homes (LTCF) 0.0279 0.0126 2.2160 0.0301 +0.04% [0.00%, 0.08%] 4.0 [0.0, 7.6] 
Health workers 0.0260 0.0137 1.8930 0.0626 +0.18% [-0.01%, 0.37%] 17.3 [-1.0, 35.2] 
Notes: 76 observations (neighborhoods). #Elasticity is a form of standardized measure that estimates the relative change 
in the infection rate as a consequence of a relative change in a determinant. Here, we considered the effect of a 1% 
 
increase in the factor on the infection rate, keeping all other factors the same. The equivalence of cases is based on the 
number of cases for Barcelona as estimated by the model (9,646) using the mean city-level values of each covariate as 
shown in Table 1.  
4. DISCUSSION. INTERPRETATION AND IMPLICATIONS.  
4.1. Discussion 
Our results confirm that incidence of COVID-19 is related to several intra-urban socio-
demographic factors. In Barcelona, higher rates of infection were found in geographical units that 
were more densely populated, had more residents aged 70 or over, observed high levels of 
mobility during lockdown, contained more nursing home facilities, and had the highest levels of 
people working in health-related occupations. Conversely, neighborhoods with relatively more 
residents with high levels of education and with an immigration background from high-HDI 
countries registered fewer COVID-19 infections.  
Our results are mostly in line with other indicators of spatial health inequalities for Barcelona 
which indicate that residents in neighborhoods located in the North of the city—generally lower-
income neighborhoods, with lower education, denser areas, and higher immigration from lower-
HDI countries (as an indicator of ethnicity)—also have lower life expectancy and suffer more 
from chronic diseases.35 The same exposures that put residents at risk of general poor health and 
comorbidities also have implications for risk of COVID-19 infections.8 9 
The environmental justice literature further demonstrates several causal pathways which may 
account for health differences by neighborhood socioeconomic status by showing that, for 
example, neighborhoods with high percentages of low-income and non-university educated 
residents historically have more environmental hazards,36 putting residents at greater exposure to 
risks leading to greater related health impacts. Because urban social and health injustices already 
existed in those neighborhoods with higher COVID-19 incidence in Barcelona, including poor 
housing conditions, and at greater risk for economic disadvantage among others, the current 
pandemic is likely to reinforce health and social inequalities and urban environmental injustice. 
People living in these neighborhoods have less of a social safety net during times of both health 
and socioeconomic stress. They are thus more likely to face an unjust burden in overcoming the 
pandemic and its economic consequences. 
During Spring 2020, the lockdown in Spain limited mobility strictly to those working in essential 
services, including low-wage jobs that require commuting by public transit to other parts of the 
city, which predicts higher COVID-19 incidence in geographical units with higher numbers of 
commuters. In their case, additional health inequalities are likely to manifest because essential 
workers are often underpaid and under-protected, in positions that require close interactions with 
the public. Additionally, they may already suffer from underlying health conditions due to their 
 
lower socio-economic status, as recent research suggests.37 As non-essential workers are losing 
their jobs or facing less pay, these hardships affect lower educated (and logically income) 
communities more, and jeopardizes their ability to overcome the pandemic in the long-term.38 In 
contrast, more privileged residents have greater ability to financially and physically recover. The 
negative association we found between infection and neighborhoods with high percentages of 
individuals with post-secondary degree and/or born in high HDI countries can be understood from 
a dual perspective: first, the presence of this type of residents is closely associated with 
neighborhoods dominated by middle and upper socioeconomic households, which, in addition, 
were more likely to work remotely. Second, this group is increasingly formed by young mobile 
and transient populations,39 who had the chance to return to their home countries at the initial 
stage of the pandemic. 
Last, results also indicate an expected structural age-related vulnerability, with neighborhoods 
with a higher percentage of residents over 70 and/or with more nursing homes, predicting higher 
COVID-19 incidence. Those are thus intersectional social vulnerabilities, particularly important 
for a context like Spain, which has a high aging population and a high number of residents in 
nursing homes, many of whom suffer from other comorbid conditions. 
4.2. Strengths and limitations 
Barcelona is an excellent example to disentangle the spread of the infection within dense and 
highly mixed use European urban areas. Socioeconomic and urban conditions are significantly 
different to other urban contexts where most of the research has been conducted. Another strength 
of our study is that the high number of COVID-19 cases in Barcelona enabled us to test various 
area-level indicators. In addition, the vast availability of aggregated socio-demographic data at a 
fine-grained scale allowed us to include many contextual factors that in other studies are often 
analyzed separately. Nevertheless, using geographically aggregated data also has its limitations, 
as association found in ecological studies may not necessarily reflect those observed at the 
individual level. An interesting future line of analysis would be to create buffer zones based on 
case addresses in order to overcome the limitations of administrative boundaries. Another 
limitation was that our estimates cover only the municipality of Barcelona and do not include data 
from the metropolitan area. Last, our measurement of incidence was biased toward more severe 
patients with COVID-19 as testing procedures were restricted to hospital admissions at this stage 
of the pandemic. The seroprevalence study conducted between April 27th to May 11th estimated 
that 7% of the residents in Barcelona’s province had developed IgG antibodies against SARS-
CoV-2. 40 Assuming this prevalence for the city, the total number of cases that we analyzed 
represented between 10% and 15% of the people who became infected during our period of study. 
Therefore, our model is likely to be biased in estimating intra-urban variations of the entire 
infected population, but not for predicting the most severe cases. Our results may also differ from 
 
subsequent waves when massive and rapid COVID-19 testing became available that also detect 
asymptomatic cases. As the latter is more common among younger people, the predictive value 
of the Percentage 70+ variable in intra-urban variation of COVID-19 will likely be lower in 
subsequent waves. 
4.3. Final thoughts 
Despite initial media and political narratives framing the pandemic as a social equalizer, our 
analysis shows how vulnerable groups by occupation, age, and ethnicity, who reside in Barcelona 
neighborhoods with poor pre-existing social and environmental conditions, have statistically 
higher incidences of COVID-19. With the pandemic, their exposure to overlapping health risks 
have been compounded by new ones. The COVID-19 pandemic is therefore likely to reinforce 
existing health and social inequalities, and exacerbate urban environmental injustice in the city. 
These trends call for public policies and planning interventions to address neighborhood 
environmental and social factors, strengthen social welfare and health care systems, and improve 
open green and public spaces to serve as resources and refuges for socially vulnerable groups. 
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What is already known on this subject?  
- Previous research on virus transmission has shown that individual, household, and 
neighborhood-level socioeconomic and cultural factors are associated with viral transmission.  
- Most of COVID-19 research on spatial variations has been mainly set at the national or sub-
national regional level. Because of the internal heterogeneity of these units, it is very difficult to 
disentangle the different intervening demographic and socioeconomic factors behind risks and 
exposures to COVID-19. 
- The limited research on the COVID-19 pandemic at the neighborhood level (mainly in US and 
UK) identifies the effect of sociodemographic determinants, like socioeconomic status or 
ethnicity.  
 
What this study adds? 
- We analyze the spread of COVID-19 in Barcelona, a very dense and highly segregated city in 
Southern Europe, where the first outbreak led to very high levels.  
- We test a wide range of sociodemographic and urban characteristics, including mobility during 
lockdown, 16 variables in total, in order to predict intra-urban variations in COVID-19 infections 
at the neighborhood level in Barcelona. 
- The COVID-19 pandemic is likely to reinforce existing health and social inequalities, and 
exacerbate urban environmental injustice. These trends call for public policies and planning 
interventions that must address historic poor neighborhood environmental and social factors, 
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